Abstract: Purpose: The aim of this study was to determine the ophthalmic anthropometric measures of an urban Malawian population and further investigate the age and gender variation. Method: Eight ophthalmic anthropometric parameters including near interpupillary distance (NIPD), distance interpupillary distance (DIPD), head width (HW), temple width (TW), length to bend (LTB), splay angle (SA), frontal angle (FA) and Downward angle to drop (DAD) were measured from a sample of 304 participants between the ages of six (6) to twenty-five (25) years. The sample was made up of 177 (58.2%) males and 127 (41.8%) females. Results: The DIPD and NIPD values were 65.5 ± 4.6 mm and 60.9 ± 4.1mm, respectively. The HW (129.3 ± 9.8 mm) was found to be 8 mm wider than the TW (121.2 ± 9.6). The average LTB of the temples was 103.4 ± 6.5 mm with a corresponding DAD of 60.2 ± 1.4°. All noses measured had an average FA of 18.8 ± 2.0°and SA of 28.0 ± 1.4°. Gender and age were significant determinants of the magnitude of the facial parameters evidenced by males and the older population (16-25years) having higher values. Apart from having a relatively narrower nose, Urban Malawians have wider ophthalmic anthropometric measures than Asian, Arab and West Indian populations. They have similar facial measures with border countries like Mozambique and significantly different measures when compared with West African populations. Conclusion: Ophthalmic anthropometry among urban Malawians is different from other populations, and the variations need to be ABOUT THE AUTHOR Carl Halladay Abraham is the lead investigator for the research team. He has published peer reviewed articles in the areas of primary eye care and visual impairment. The information in this study will help in appreciating the variation in facial anthropometric values which has implications in the design of spectacle frames, diagnosing of ocular facial anomalies and reconstructive plastic surgeries.
PUBLIC INTEREST STATEMENT
The world has over 191 million people who have some level of visual impairment. Over half of this population can be provided a better vision with a pair of spectacles. One of the major challenges faced is compliance with spectacles especially in children. The design of the frame plays a major role since the basic objectives of spectacle dispensing ensures good vision, comfort and enhanced appearance of the wearer. This study identified significant variations in some facial dimensions of an African population who directly import all spectacles and other eyewear used within their country when compared with countries who are potential exporters of the eyewear. Therefore, population specific facial dimensions should be considered in the manufacture and distribution of eyewear.
Introduction
Anthropometry which refers to facial and ocular measurement is one of the oldest measures of human variation since the eighteenth century when it gained popularity (Stanley & John, 2010) . It has been known to differ among ethnic groups, gender and races (Fang, Clapham, & Chung, 2011; Osuobeni & Al-Gharni, 1994; Vasanthakumar, Kumar, & Rao, 2013) . The. use of ophthalmic anthropometry has transformed through history and currently has significant application in areas such as forensics, public health, psychology (Carre & McCormick, 2008; Kleinberg, 2008; Seidell, Kahn, Williamson, Lissner, & Valdez, 2001; Ulijaszek & Lourie, 1997) and in computer vision. It has been useful in diagnosing of oculofacial defects (Chen, Sartori, Aakalu, & Setabutr, 2015) binocular vision anomalies (Jaschinski, 2017 ; Shafiee D, Jafari AR, Shafiee AA. Correlation between interpupillary distance and stereo acuity. Bull Environ Pharmacol Life Sci, 2014) and enhance outcomes of facial surgical reconstructive procedures. (Nagy, 2011) A credible database of facial anthropometric measures can also be assessed by ophthalmic eyewear manufacturers and suppliers to determine the appropriate sizes of eyewear to provide for particualar populations especially in most Low and Middle-Income countries which rely on importation of eyewear. One of the strategies that has been adopted to overcome the high unmet needs of people living with presbyopia and refractive error which remains the highest cause of visual impairment has been the mass production of already made spectacles for affected populations (Holden et al., 2008; Patel & West, 2007) . To ensure these eye wear conform to all the principles of ophthalmic dispensing including comfortable vision and aesthetics which will improve compliance the right facial measures need to be used.
However, there is a lack of data on ophthalmic anthropometric measures within the eastern African region. The aim of this study was to determine ophthalmic anthropometric measures of an urban Malawian population and further investigate the age and gender variation.
Materials and methods
The study was conducted in schools within the Lilongwe District in Malawi which is predominantly inhabited by the Chewa ethnic group, a dominant ethnic group within Malawi that spreads to other neighboring countries such as Tanzania, Mozambique and Zambia. The research protocol was approved by the Malawi college of Health sciences research committee. Further approval was obtained from the District Education Manager. Adult participants signed an informed consent form whilst those less than 18 years were given letters of consent to their guardians. The study adhered to all tenants of the Declaration of Helsinki for research conducted on human subjects.
The study recruited participants between the ages of 6 to 25 years with no history of strabismus and craniofacial anomalies. The Slovin's formula (n = N/(1 + N(e)^2) was used to calculate the minimum sample size of 348 participants. The institutions in Lilongwe were grouped into three strata; the primary, secondary and tertiary. One institution was selected randomly from each strata and one-third of the calculated sample was obtained from each selected institution. Three classes of the primary school were selected randomly, and the participants were recruited specifically from these classes. The secondary and tertiary institution selected all had three-year groups and participants were recruited from each year group. For every class, each student had a fair chance of being selected. Students were allowed to randomly pick sealed envelopes from a balloting box. Each envelope had a paper in it which either had to participate or not participate written on it. Students who picked sheets with participate written on it were given consent forms and recruited into the study after consenting to be part of the study.
A pupillometer was used to measure Distance Interpupillary distance (DIPD), Near Interpupillary distance (NIPD). Facial Gauge (The Rees-Fairbanks) was used to take measures of splay angle (SA), frontal angle (FA), Length to bend (LTB) and downward angle of drop (DAD). The Temple width calipers (Sussex Vision) were used to measure the Temple width (TW) and Head width (HW). Each parameter was measured thrice and a mean computed.
Data were inputted into SPSS v 22. Descriptive statistics were computed for all variables after the data have been screened and normality test carried out. Independent sample T-test was used to determine whether the mean differences observed between variables were statistically significant at an alpha level of 0.05. The effect size between groups was calculated using the Cohens D formula with confidence intervals (CIs) set at 95%.
Results
Out of the 304 participants, 177 (58.2%) were males and 127 (41.8%) females. Their ages ranged from 6 to 25 years with a mean age of 16.6 ± 5.49 years. The participants within the age group 6-15 years constituted 41.1% (N = 125) of the study population and those within the age group of 16-25 years made up 58.9% (N = 179).
The mean DIPD and NIPD values were 65.5 ± 4.6 mm and 60.9 ± 4.1mm, respectively. The DIPD was 5 mm wider than the NIPD as shown in Table 1 .
The head width (129.3 ± 9.8 mm) was found to be 8 mm wider than the temple width (121.2 ± 9.6). The length to bend of the temples measured 103.4 ± 6.5 mm with a corresponding DAD of 60.2 ± 1.4°. All noses measured had an average frontal angle of 18.8 ± 2.0°and splay angle of 28.0 ± 1.4°T he age of participants had a statistically significant effect on DIPD (p < 0.001) and NIPD (p < 0.001) measures. The mean DIPD for 6-15-year-olds was 62.4 ± 4.1, and this was 5.1 mm lesser than the mean for 16-25-year-olds (67.6 ± 3.6 mm). The mean NIPD of 6-15-year-olds was 58.2 ± 3.6 mm, 4.5 mm lower than 16-25-year-olds (62.7 ± 3.2 mm) ( Table 2 ).
The findings in Table 2 show a wider head width (134.8 ± 6.7), temple width (126.8 ± 6.8), length to bend (105.0 ± 6.3), frontal angle (19.2 ± 1.7) and splay angle (28.7 ± 1.4) for the older participants of 16-25 years when compared with those of the 6-15 age group. The mean value of DAD was the only measures that showed a higher mean value for 6-15 year age group than the 16-25 year group. The observed differences in means between the two age groups were found to be significant for head width (p < 0.001), temple width (p < 0.001), length to bend (p < 0.001), frontal angle (p < 0.001), but no statistically significant difference was detected in splay angle (p = 0.204) and DAD (p = 0.144) values for the two age groups.
Males had approximately 3 mm wider DIPD (66.7 ± 4.5 mm) and NIPD (61.9 ± 4.1) values than females. The difference in male and female mean DIPD (p < 0.001) and NIPD (p < 0.001) was found to be statistically significant. (Table 3) Males were observed to have a wider head width (131.8 ± 1.0 mm), temple width (123.4 ± 9.9 mm), length to bend (105.3, ±0.6 mm) and frontal angle (19.1 ± 2.00) than females. The mean differences observed between males and females were found to be statistically significant for head width (p < 0.001), temple width (p < 0.001) and length to bend (p < 0.001). However, the mean difference of frontal angle between males and females although statistically significant (p = 0.042) has a very low effect size of 0.25. The females had a larger mean splay angle (28.7 ± 1.7°) and DAD (60.2 ± 1.6°) values than the males [SA(28.5 ± 1.8°), DAD = (60.1 ± 1.2°)]. There was no statistically significant difference in the mean values of splay angle (p = 0.478) and DAD (p = 0.646) between males and females.
Discussion
This study determined the eight facial parameters of an urban Malawian population
The interpupillary distance for distance (DIPD) and Interpupillary Distance for Near (NIPD) are essential for both the designing of the front of the frame and fixing spectacle lenses. The average DIPD and NIPD were wider for males than females in all age groups, this report is consistent with other studies from Nigeria, Saudi Arabia and Hong Kong. (Fesharaki, Rezaei, Farrahi, Banihashem, & Jahanbkhshi, 2012; Osuobeni & Al-Gharni, 1994; Osuobeni & Al-Musa, 1993; Tang, Tang, & Stewart, 1998a) . The DIPD measures for a Mozambican population which shares a border with Malawi were 68 mm for males within 17-26 years, (Ruiz-Alcocer, Madrid-Costa, Perez-Vives, Domin-Guez, & Gonzalez-Meijome, 2011) which is the same mean DIPD for Malawian males of 16-25 years. The west African countries of Nigeria (Esomonu, Taura, Anas, & Modibbo, 2012) and Ghana (Alex & John, 2010) have wider DIPD and NIPD than the studied population in Malawi. Arabs in Saudi Arabia, (Osuobeni & Al-Musa, 1993 ) Hong Kong Chinese (HKC) (Tang et al., 1998a) and West Indies (Vasanthakumar et al., 2013) had smaller DIPD and NIPD measures (Table 4 ). Tang and colleagues used a pupillometer (Tang, Tang, & Stewart, 1998b) in measuring DIPD for an HKC population, their DIPD for 17-41 age group (Male = 64.3 ± 3.2 mm, Female = 61.6 ± 2.7 mm) was almost the same as for Malawians of 6-15 years (Male = 63.1 ± 4.1 mm, Female = 61.8 ± 4.1 mm). Therefore, adults' eyewear for HKC could be worn by 6-15 aged children among the Malawian population. This shows a wide variation in interracial and intraracial facial anthropometric measures.
Apart from the racial and ethnic factors that may account for the variations observed, the tools used for measuring the parameters were different in the studies cited. Whilst this study employed the use of a pupillometer, the Saudi Arabian, and Nigerian studies used a millimeter rule in accordance with the Viktorins method. This calls for a standardization of protocols for measuring and reporting facial anthropometry measures.
Anthropometric studies have shown that the nose represents one of the most distinguishing characteristics among races (Farkas et al., 2005) , and this was evident in the results of this study which showed a 10°-12°narrower splay angle and frontal angle measures for the population in this study as compared with the HKC population. This can be interpreted as the HKC having wider and flatter nose bridges.
The Temple width is denoted as the zygion-zygion (zy-zy) dimension (Farkas et al., 2004; Maalman et al., 2017) in facial anthropometric and morphological studies. The Temple width is the horizontal length between the temples of the face that lies 25 mm from the spectacle plane which anatomically positions it as the distance between the most lateral point on the zygomatic arches. (Kaye & Obstfeld, 1989; Maalman et al., 2017) Temple width has been reported to be one of the least variable facial measures among ethnic groups (Fang et al., 2011) and may explain why it is often not reported in ophthalmic anthropometric studies. In recent times this measure has gained a lot of importance in the online spectacle dispensing industry. The temple width measures are used to determine the required eye size of the customer since it corresponds to the facial width of the frame. The findings of this study showed 10 mm wider temple width for the Malawians than the HKC (Tang et al., 1998a) population and a 5 mm narrow temple width when compared with a Ghanaian adult population. (Alex & John, 2010) All studies also observed statistically significant higher TW measures for males than females which agree with findings in the current study.
The relative measures of temple width and the head width are essential in determining the angle let back of the temple of the frame. The head width of adult Malawians is 14 mm smaller than that of HKC. The variations in temple width and head width among the two populations show that HKC will have a more curved temple and a wider angle let back than Malawians.
In conclusion, the study has demonstrated that there are significant intra and inter-racial differences in facial measurements. Apart from having a relatively narrower nose, Urban Malawians have wider ophthalmic anthropometric measures than Asian, Arab and West Indian populations. There is evidence of similar facial measures with border countries like Mozambique and significantly different measures when compared with West African populations. The findings of this study should be interpreted with caution since the study was delimited to schools within Lilongwe city.
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